Introduction
This paper presents starting tequniques of the inverter that drives a permanent magnet machine with position sensorless control while the rotor is rotating. In this case, because the only sensor for the control is usually the current sensor, the controller does not have any information of the rotational condition of the motor. Then, in the proposed methods, by turning-on one switch of the inverter, the controller aquires the rotational condition by judging from the resultant current caused by the emf. The features of the proposed methods are that the calculation needed is simple, current detection error does not affect much, and that it can also applied to the system having only the DC-bus current detection with minor modifications. Figure 1 shows the system configuration, and Fig. 2 indicates the equivalent circuit of the system when the switch Qx is turned on. As to be seen, the three teminals of the PM machine is connected together, with freewheeling diodes Dy and Dz for Phase V and W. Then, current does not flow when the emf of Phase U is the lowest due to the reverse blocking function of Dy and Dz. And if the switch Qx is kept turned-on, current starts to flow right after the emf of another phase becomes the lowest due to the rotation. Since the electrical angle where that change of the emf occurs is the know value, one can know that angle by observing the starting of the current flow. Moreover, because the phase that current flows depends on the rotational direction, one can at the same time know whether the rotation is forward or reverse. Finally, by measuring the interval between two instances of the starting of the current flow, one can calculate the speed. With these information of the rotor, the system can be started.
Principle

Phase Current Detection
DC-bus Current Detection
If the system only has the DC-bus current detecion, the above discussed starting and phase Fig. 1 . System configuration of the current can not be detected directly. Then, instead of turning on a switch continuously, the switch is turned on and off repetitively. One can then know the existense or absense of the phase current by detecting the DC-bus current right ofter every turning-off. A few more modifications realize the application.
Experimental Results
Figure 3 shows the current waveform at the free-run startup of a system with a DC-bus current detection when the rotational speed is rather low. It can be observed that the free-run startup is correctly carried out. The case of high speed, and the results of the phase current detection system, are presented in the full paper.
Summary
The proposed methods are proved to work as expected. These methods are enabling tequniques of the sensorless PM machine drives for its applications to fans, generators, and electric vehicles. Starting methods for the inverter that drives a permanent magnet machine with only current sensors, while the rotor is rotating, ("free-run startup techniques") are proposed. The proposed methods are based on whether current flows or does not when one switch of the inverter is turned on, which depends on the electrical angle of the emf and the reverse blocking function of the freewheeling diodes. The merit of the proposed methods is that the calculation to determine the rotor position is simple. The variety of the methods is with the types of current detection. Proposed are the methods not only for the phase current detection but also for the DC-bus line current detection that are utilized in low-cost drive systems. Theoretical analysis, design issues, and experimental verifications of the proposed methods are set forth.
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